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A~STRACT 
Today, rotary compressors have been used 
in a wide variety of refrigeration equip-
ments from the standpoint of energy saving. 
In the case of household refrigerator, how-
ever, they have not been operated with 
their inherent improved efficiency. 
This results from energy loss due to fre-
quent on-off operation. This energy loss 
is high, particularly, in small-scale re-
frigeration equipment. 
In refrigerators it was found that energy 
loss, being brought during inoperative 
state of the compressor, was serious. An 
attempt was made to analyze the causes of 
the loss in the state. 
From the analysis it was found that the 
value of the loss in a refrigerator equip-
ped with a rotary compressor was as much as 
about 2.4 times that with a reciprocating 
compressor. 
Reduction of energy consumption in a re-
frigerator can be achieved by using a means 
of minimizing its energy loss due to on-off 
operation. 
An energy saving valve capable of actuating 
in response to characteristic pressure 
change of the rotary compressor in on-off 
operation was developed to minize that 
energy loss. 
The implementation of this valve enabled 
household refrigerators to save by 22 
percent their energy consumption. 
INTRODUCTION 
The calorimetric energy efficiency ratio 
of a small-sized rotary compressor for re-
frigerators is better by 15 percent than 
that of a reciprocating compressor with the 
same refrigerating capacity. 
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Nevertheless, the energy consumption of the 
rotary compressor mounted on a 10 eft. 
household refrigerator shows only 4 percent 
better than reciprocating compressor, and 
also lower than the efficiency of the com-
pressor itself. 
This paper describes the development of an 
energy saving valve and presents the re-
sults of quantitative measurements and 
analysis of refrigerant flow into the eva-
porator from the condenser (the high-pres-
sure side of the rotary compressor) during 
inoperative state. · 
CHARACTERISTIC OF CONDENSER-TO-EVAPORATOR 
REFRIGERANT FLOW DURING INOPERATIVE STATE 
1.1 Test Equipment and Test Conditions 
Characteristic study of refrigerant 
flow was carried out using a 10 eft. 
refrigerator. The description of test 
equipment is shown in Fig. 1. 
Test Conditions 










1.2 Test Method 
Temperature measurements were made 
through the thermocouple solder-joint-
ed at the point marked in Fig. 1. 
Corrections for Page 21 for Paper 
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1.3 Results of Analysis 
The energy loss analysis was performed on the basis of the 
following equation: 
t• 
Q(t') ~ ! 0 g(t)·Hc(t)dt + G(O)he(O) - G(t')h8 (t') 
Where Q(t') -energy loss during off-cycle 
g(t) - amount of refrigerant entering into the 
evaporator during off-cycle. 
(J) 
(gr/min.) 
hc(t) = enthalpy of refrigerant entering into the 
evaporator during off-cycle (J/gr) 
G(O),G(t')• amount of refrigerant in the evaporator just 
after turned on (0), and turned off (t'). (gr) 
h 6 (0),h6 (t)• enthalpy of refrigerant in the evaporator just 
after turned on (0), and turned off (t'). (J/gr) 
















7,8,9. SOLENOID VALVE 
10. GLASS TUBE 
11,12,13,14. PRESSURE TRANSDUCER 
15. CIIECK VALVE 
Fig.l Test equipment 
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Pressure measurements were carried out 
using a pressure transducer, whose 
signal was amplified by amplifier and 
then recorded on a pen recorder. 
Refrigerant flow into the evaporator 
from the high-pressure side after the 
compressor turned off was checked 
visually through a glass tube. 
After the compressor turned off each 
solenoid valve was closed at certain 
interval. The refrigerant in the eva-
porator was collected into the con-
densation chamber, and the refrigerant 
weight was measured. 
Fig. 2 shows the refrigerant distribu-
tion in both just before turning on 
and off. 
In the Fig. 2 it can be recognized that 
weight percentage of refrigerant in the 
evaporator to the total refrigerant in 
the cycle has increased up to 86 per-
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Fig.2 Refrigerant distribution 
1.3 Results of Analysis 
The energy loss analysis was performed 
on the basis of the following equation: 
e(t'l=)~g(tl ·hc(t)dt +G(Olhe(Ol -
G (t 1 ) he (t 1 ) 








energy loss during 
inoperative period 
tl. (J) 
refrigerant flow. (g) 
enthalpy of refrige-
rant flow. (J/g) 
refrigerant quantity 
in the evaporator at 
the just turned-off 
movement. (g) 
enthalpy of refrige-
rant in the evaporat-
or at the just 
moment t' and in the 
state. (J/g) 





Figure 3 shows the characteristic of 
energy loss throughout time elapse 
during inoperative state of both re-
ciprocative and rotary compressor 
mounted on a refrigerator. (measured 
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Fig.3 The Characteristic nf Energy 
Loss throughout Time Elapse 
during inoperative state of 
both reciprocative and rotary 
compressor mounted on a re-
frigerator. 
The energy loss of load in the refri-
gerator is given in Table l. 
As found from these data, the energy 
loss per cycle of the rotary compres-
sor when the inoperative time is 20 
minutes is three times that of the 
reciprocating compressor. 
Figures in the table l are on the 
basis in per hour that each value of 
refrigeration load in ambient temper-
ature of both l5°C and 30°C are cal-
culated in weighted average by pro-
portion with 100 and 265. 
{The values shown in parenthesis in 
the table are indexes.) 
The data shows that the energy loss 
increases the total refrigeration 
loads by 11 percent. 
As a result, improved efficiency by 15 
percent of the rotary compressor will 
be reduced apparently to 4 percent 
when it is mounted on a refrigerator. 
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~~ ROTARY R.ECIPRO, l1 
< vl l ( w ) 
OTHER HEAT 4.9 \ 
~ 4.9 ENERGY LOSS 9.8 
4.1 
HEAT THAT LEAKS 
19.9 19.9 
INTO l?.C. 
HEAT THAT LEAKS 
20.9 20.9 
INTO F.C. 
TOTAL COOLING 55.5 49.8 
LOAD (111) (100) 
Table l Energy Loss of Load in the 
Refrigerator 
The energy loss can be reduced by pre-
venting refrigerant from entering into 
the evaporator during inoperative 
state. 
In order to prevent it from doing so, 
applying solenoid value in refrige-
ration cycle can be helpful. Using 
solenoid valve is, however, not a 
better solution from -stand point view 
of energy consumption as well as 
noise. 
2. DEVELOPMENT OF AN ENERGY SAVING VALVE 
2.1 Configuration 
A cross-sectional view and photograph 
of the recently developed energy sav-
ing valve are shown in Fig.4 and 5, 
respectively. 
A low-pressure valve and a high-
pressure valve operative in response to 
a pressure difference in the refriger-
ation cycle are housed in a single case. 
This is one of the characteristics of 
the valve. 
High-pressure and low-pressure sides 
are separated by a bellows. The high-












Fig.S View of the valve 
''',1' ', ''" 
111< 
bias-force adjustment spring so that 
the high-pressure valve can open when 
the pressure difference between both 
sides of the bellows exceeds a pre-
determined value Po and close when be-
ing lower than P0 . 
2.2 Applications and Operation 
The application of the valve to the 
refrigeration cycle of a refrigerator 




Fig.6 The application of the valve to 
the refrigeration cycle of a 
refrigerator 
Figure 7 shows the internal-pressure 
change characteristic of the above 
energy saving cycle in the operating 
and not-operating states. 
ON-OPERATION OFF-OPERATION 
TIME-
Fig.7 The internal-pressure change 
characteristic of the energy 
saving cycle 
Valve operation is described below. 
Pd, Ps, and Pe in Fig. 7 are the pres-
sure at their respective measurement 
points shown in Fig. 6. 
Operation 
During running: 
(1) Gas flow pressure in compressor 
operation makes the low-pressure 
valve to keep open. 
(2) When P0<~P=Pd-Ps, the high-pressure 
valve keeps open because the pres-
sure Ps is low. 
Thus, a normal refrigeration cycle is 
carrying on and refrigeration operation 
is continued. 
Just after turning-off: 
(1) With gas flow stop, the low-
pressure valve closes. 
(2) The high-pressure gas in the 
compressor casing starts to return 
into the suction pipe. 
(3) Rapid rise of pressure Ps causes 
P0>~P=Pd-Ps, and the high-
pressure valve closes. 
Thus, both inlet and outlet flow of the 
evaporator are closed; i.e., the high-
pressure refrigerant is disabled from 
entering into the evaporator. 
During inoperative state: 
(1) The low-pressure valve is complete-
ly closed by back-pressure due to 
refrigerant returning from the 
suction pipe. 
(2) The high-pressure valve remains in 
close by force of the adjusting 
spring. 
Thus, the pressure condition in the 
refrigeration cycle is not changed from 
the operating pressure condition until 
the next operation takes place. 
In restarting: 
(l) With compressor operation, Ps 
rapidly drops and the low-pressure 
valve becomes open with gas flow 
pressure applied. 
(2) Po<~P causes the high-pressure 
valve to open immediately. 
Thus, the time required to reach the 
steady state from the unsteady state 
is shorter than that of a conventional 
cycle. This means that the valve has 
ability to reduce also loss in every 
starting. 
2.3 Application Effect 
Table 2 gives a comparison of energy 
consumption between a rotary compres-
sor cycle equipped with the valve and 
the conventional rotary and recipro-
cating compressor cycle. 
The values in the table are indexes. 
The valve has enabled to save energy 
consumption by 22 percent in a cycle 
compared with a conventional rotary 
compressor. 
The energy saving rate is lower by 25 
percent than a reciprocating compres-
sor system. 
In addition, the valve requires no 
electrical control circuit and is 
little in valve on-off noise and ex-
cellent in cost-performance. It al-
lows application to various refrige-
ration systems, not limited to re-
frigerators. 
REFRIGERATION ENERGY SAVING SOLENOID VALVE CONVENTIONAL CONVENTIONAL 
CYCLE 





ROTARY ROTARY ROTARY RECIPROCATING 
115 115 115 
78 80 100 
75 77 96 
Comparison of energy consumption between a rotary 
compressor cycle equipped with the valve and the 
conventional rotary and reciprocating-compressor 
cycle. 
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104 
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